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Malaria parasites must express a large contingent of invasion-related genes to propagate within host red
blood cells. In this issue of Cell Host & Microbe, Josling et al. (2015) identify a bromodomain protein that
serves as a transcriptional activator required to coordinate expression of these genes and enable parasite
proliferation.
Malaria is caused by protozoan parasites
of the genus Plasmodium, a group of or-
ganisms that have had an enormous
impact on human evolution and the devel-
opment of modern society (Sabbatani
et al., 2010). The continued importance
of these parasites for global public health
has led to significant investment into un-
derstanding their basic molecular and
cellular biology. This includes how they
regulate expression of the 5,300 genes
encoded in their genome, thus enabling
them to differentiate into the multiple
forms required for transition through
both insect and mammalian hosts as
well as both sexual and asexual replica-
tion cycles. As eukaryotic pathogens, ma-
laria parasites generally abide by the stan-
dard transcriptional regulatory paradigms
established in model systems, including
monocystronic transcription, extensive
chromatin modifications, mRNA process-
ing, etc.; however, they are evolutionarily
quite distant from the crown group of eu-
karyotes in whichmost experimental work
has been done, and therefore some as-
pects are quite divergent. For instance,
the genomes of malaria parasites encode
relatively few identifiable transcription
factors; thus, how individual genes are
activated in a tightly controlled fashion is
poorly understood. Similarly, while many
of the histone modifications involved in
epigenetic regulation in higher eukaryotes
are also utilized by malaria parasites, their
use has been modified to more narrow
functions. For example, the histone modi-
fication H3K9me3 is widely used in model
organisms to mark transcriptionally silent
regions of the genome, while in malaria
parasites this mark appears to be devoted
to amuch smaller cohort of genes that un-
dergo clonally variant expression (Lopez-
Rubio et al., 2009; Flueck et al., 2009).
The histone mark H3K36me3 is similarly
devoted to very specific regions of the
genome (Jiang et al., 2013). Understand-
ing these differences is not only inter-
esting from an evolutionary perspective;
it also highlights areas that could poten-
tially be exploited for drug design.
Work on transcriptional regulation in
P. falciparum, the most virulent of the
human parasites, has largely focused on
epigenetically controlled expression of
virulence-related gene families and on
the single large family of transcription fac-
tors so far identified called ApiAP2 pro-
teins. While this work has yielded signifi-
cant insights into how parasites regulate
genes involved in antigenic variation, sex-
ual differentiation, and transition through
the insect stages of the life cycle, other
aspects of the mechanisms that control
gene expression remain poorly defined.
One family of genes that has not been
extensively studied, but that is undoubt-
edly important for regulating gene expres-
sion, includes the bromodomain-contain-
ing proteins encoded in the genomes of
all Plasmodium species. In higher eukary-
otes, these proteins often serve to regu-
late transcriptional programs, thereby
coordinating multiple components within
a particular biological pathway. This is
generally done by binding to acetylated
lysine residues, e.g., on histones (Filippa-
kopoulos and Knapp, 2012). In mammals,
bromodomain-containing proteins have
been shown to function as histone meth-
yltransferases, helicases, ATP-depen-
dent chromatin remodelers, transcrip-
tional co-activators and mediators, and
nuclear scaffold proteins (Muller et al.,
2011); however, how they function in
malaria parasites has not been closely
investigated.
The genome of P. falciparum encodes
seven bromodomain-containing proteins
(Table 1). Considering our general lack of
understanding of transcriptional regula-
tion inmalaria parasites, this family should
serve as fertile ground for deciphering
important regulatory pathways; however,
to date only a single member of the family
has been characterized in any depth, the
probable ortholog to the yeast protein
GCN5 (Fan et al., 2004). In this issue, Jos-
ling and colleagues (Josling et al., 2015)
utilize an elegant genetic and biochemical
approach to characterize a second mem-
ber of the family, a protein called PfBDP1,
andshow that it playsacrucial role in regu-
lating the expression of a large cohort of
genes involved in red blood cell invasion
by parasites. The findings are consistent
with bromodomain-containing proteins
serving as regulators of transcriptional
programs, in this case coordinating the
expression of a large suite of genes asso-
ciated with host cell invasion. This is a sig-
nificant advance for our understanding of
transcription programs in malaria para-
sites and also identifies a key potential
target for disrupting parasite proliferation.
In their work characterizing PfBDP1,
the authors provide evidence that this
protein directly interacts with histone H3,
in particular when it is acetylated in the
9th position (H3K9ac), as well as a mem-
ber of the ApiAP2 family and another bro-
modomain-containing protein (PfBDP2).
This demonstrates how various regulatory
mechanisms (chromatin modifiers, DNA
binding proteins, transcription factors,
etc.) are interlinked and integrated into
the control pathways that maintain the
finely tuned cascade of gene expression
displayed by replicating parasites. Map-
ping where PfBDP1 localizes throughout
the genome indicates that it is primarily
found near transcription start sites,
consistent with a function in regulating
promoters and RNA Pol II recruitment.
Taken together, these data provide a key
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insight into a transcriptional activator and
an important step forward as we continue
to decipher the underpinnings of gene
regulation in malaria parasites.
Beyond the importance of these find-
ings for shedding light on mechanisms
of gene regulation in Plasmodium, the
characterization of regulatory pathways
dependent on bromodomain proteins
has potential for developing novel thera-
peutic strategies. Inhibitors of bromodo-
mains have recently been described that
can drastically alter gene expression in
treated cells, highlighting the potential
for this class of inhibitors (Filippakopoulos
and Knapp, 2014). In the case of PfBDP1,
inhibition would substantially reduce or
eliminate the parasite’s ability to invade
red blood cells, thus terminating the
infection. It is likely that the remaining
members of the bromodomain family in
P. falciparum have similarly important
roles in regulating parasite growth and
replication. Further work on this family
and other key regulatory proteins will
open additional avenues for potential ma-
laria-intervention strategies.
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Although bacteria have long been associatedwith human cancer, drawing causal relationships has been diffi-
cult. In this issue of Cell Host & Microbe, Scanu et al. (2015) provide evidence for a transforming activity of
Salmonella Typhimurium on predisposed host cells, which can subsequently form tumors in a xenograft
model.
Infectious agents are increasingly being
recognized as risk factors for human
cancers. Current estimates assume that
some 15–20 percent of human cancers
are caused by infections, mostly viruses,
but also bacteria and even parasites.
Recognition of such infection-cancer rela-
tionships is of utmost importance since it
provides the basis for establishing appro-
priate precautions, including the genera-
tion of cancer-preventing vaccines or the
prophylactic use of antibiotics.
Evidence for the involvement of bacte-
ria in initiating or promoting human can-
cers is still indirect and mainly based
on epidemiological associations. This is
even true for the bacterium Helicobacter
pylori, which is widely accepted to induce
Table 1. List of Bromodomain-Containing Proteins Encoded in the Genome of the Malaria Parasite Plasmodium falciparum
Protein Name PfID (Previous ID) Proposed Function References
PfBDP1 PF3D7_1033700 (PF10_0328) Coordinates expression of genes involved in red blood cell invasion Josling et al., 2015
PfBDP2 PF3D7_1212900 (PFL0635c) Found to associate with PfBDP1 Josling et al., 2015
PfSET1 PF3D7_0629700 (PFF1440w) Histone methyltransferase involved in the deposition of the epigenetic
mark H3K4me3, also contains bromodomain
Cui et al., 2008
PfGCN5 PF3D7_0823300 (PF08_0034) Histone acetyltransferase, found to associate with the transcriptional
coactivator PfADA2
Fan et al., 2004
– PF3D7_1475600 (PF14_0724) Unknown function –
– PF3D7_0110500 (PFA0510W) Unknown function –
– PF3D7_1234100 (PFL1645w) Unknown function –
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